Plurting palatable shrubs and legumes into an estabiished stand of crested wheatgrass (Agropyron desertorum and A. cristatm) could increase forage yield and nutritional quality. Preferential grazing of the grass and legume in spring may enhance estabiishment of shrub seedlings. Seedlings of 3 species of shrubs (Artemisia tridentata ssp. v~eyana, Kochia prostrata, and Atripkx canestens) were transplanted into plots of crested wheatgrass using a replacement series design. Each species of shrub was grown with the grass, and with the grass and aifaifa (Medicago sativa cv. 'Ladak?; each of the 5 species was also grown in monoculture. Swuds were either uncut or the grass and aifaifa were clipped while actively growing in late May and early June. Shrubs had grnter current l nnu8l growth (CAG) (I%O.OOl), higher rel8tlve yields (p(_O.OS), lower mort8lity (~O.OOl), and more infiorescences (EO.001) in monoculture than in mixture. The grass had greater CAG in mixture than in monoculture (p10.05), and the grass and alfalfa had greater relative yield in mixture than in monoculture (pIO.05). Clipping crested wheatgr8ss 8nd 8lfalfa increued shrub CAG (J%O.Ol), reduced mortality (PZO.OOl), and increased the number of inflorescences (P50.01), but the increase in shrub CAG and flowering due to clipping was not as great as when shrubs were grown in monoculture. There were no interactions between competition and clipping (JVO.05). In terms of CAG, mortality, and flowering, A. tridentate grew better than K. prostrata, which grew better than A. canescens, but these relationships involved complex interactions. The contribution of shrubs to the biomass in mixture was minor; although alfalfa dominated three-way mixture yields, the grass also made a substantial contribution. Since competition was more important in determining shrub response than clipping and the 2 effects were independent, it is probably more important to reduce interspecific competition than to modify grazing practices when planting shrubs in a crested whea@rass stand.
the U.S. (Rogler and Lorenz 1983) , often in monoculture.
Mixtures of species, however, may increase the quantity and nutritional quality of forage for livestock (Trenbath 1974, Gade and Provenza 1986) . Palatable shrubs interplanted in established crested wheatgrass monocultures contain more protein than grass during winter, are less susceptible to trampling by livestock than grass, and stand above occasional deep snows (Gade and Provenza 1986) . Mixtures of species could reduce the need for hay to feed livestock during winter, an expensive aspect of ranching in the Intermountain area. Furthermore, palatable legumes seeded into crested wheatgrass stands might increase soil nitrogen supply, increase forage protein content, and extend the grazing season further into the spring and early summer. Diversifying crested wheatgrass monocultures would also be beneficial for wildlife (McKell 1983) .
Because crested wheatgrass provides valuable forage during spring and early summer, it might not be economically feasible or desirable to curtail grazing to permit establishment of interplanted shrub and forb seedlings. However, livestock and wild ungulates often preferentially graze grasses and forbs during spring (Laycock 1967, Smith and Doe11 1968) , which might reduce the establishment of interplanted legumes, but could aid shrub establishment by reducing competition from neighboring non-woody species.
The objective of this study was to investigate the effects of transplanting seedlings of several shrub species and alfalfa (Medicage sativa (L.) cv. 'Ladak? into an established stand of crested wheatgrass. The shrubs were mountain big sagebrush (Artemisia tridentata (Rydb.) ssp. vaseyana Beetle), forage kochia (Kochia prostrata (L.) Schrad.), and fourwing saltbush (Atriplex canescens (Pursh.) Nutt.). These species have been suggested for interseeding in crested wheatgrass stands (Stevens et al. 1981) . Preferential grazing of the grass and alfalfa was simulated by clipping them in late May and early June, a common time for grazing crested wheatgrass.
Methods and Materials

Study Site
The study was conducted in 1983 and 1984 at the Green Canyon Ecology Center, 4 km northeast of Logan, Utah (1,460 m elevation). The area was formerly occupied by bluebunch wheatgrass (Pseudoroegneria spicata (Pursh.) L&e) and big sagebrush, and is typical of areas seeded to crested wheatgrass (Hull and Hull 1974, Caldwell et al. 198 1) . Soils are rocky mollisols (typic haploxerolls) that formed on alluvial fan material (Southard et al. 1978) . Precipitation at a weather station I km (same elevation) from the study site was 930 mm in 1983 and 646 mm in 1984, both above the long-term average of 468 mm. Caldwell et al. (1981) provide further details of the climate at Green Canyon.
Plint Materhis
The sources for plant materials were: (1) mature crested wheatgrass plants collected in an established (30 years) stand near Tintic, Utah; (2) certified Ladak alfalfa seed purchased commercially; (3) mountain big sagebrush seedlings collected near the study site; (4) forage kochia and fourwing saltbush seed collected from a nursery near Nephi, Utah. Tintic and Nephi are 200 km south of the study area. Plants were grown outdoors in tubepacks of 180 cm3 volume in 1982, and in the greenhouse during the winter and spring 1983.
The soil used was an equal-parts mixture of soil obtained at the study site, a sandy-loam and peatmoss, and no fertilizer was added. All plants were placed outdoors for 2-3 weeks prior to transplanting as tublings.
Experimental Design
The experimental design consisted of 3 replications of a randomized complete block design with split-plots, and each whole-plot was 8 m square. There were 11 whole-plots per replication: 5 were monocultures (crested wheatgrass, alfalfa, big sagebrush, forage kochia, fourwing saltbush); 3 were two-way mixtures of the grass with 1 of the shrub species; and 3 were three-way mixtures of the grass, alfalfa, and 1 of the shrub species.
There were 289 plants/ plot in monocultures and two-way mixtures and plants were spaced 0.5 mapart. Plants were planted in a checkerboard arrangement in two-way mixtures. There were 281 plants/ plot in three-way mixtures. These plots had parallel, alternating rows of the 3 species that were oriented diagonally to the plot edges. Plants were spaced 0.56 m apart within diagonal rows and 0.5 m apart between rows.
The study site was plowed and disced in April 1982, and the downed weedy vegetation was left on site. Crested wheatgrass plants were transplanted with about 10,000 cm3 of soil while in the vegetative phenostage in May and June 1982, and they received about 300 mm of supplemental water to aid establishment. These plants were trimmed to a basal area of 150 to 200 cm2 in March 1983 to equalize initial sizes. Seedlings of shrubs and Rhizobiuminoculated alfalfa were transplanted in May of 1983, and an additional 300 mm of supplemental water was applied. Shrubs that died were replaced in June 1983 and April 1984. The shrubs varied in age from 6 months to about 1 year when planted, but all were 2 to 8 cm tall.
Each plot was divided into quarters and clipping treatments (spring or none) were randomly assigned to 2 of the subplots; 2 additional quarters are being used for other research. Grass plants were clipped to 5 cm height while in the boot stage between 28 May and 4 June in 1983 and 1984. Clipping removed apical meristems which were elevated above 5 cm by this time. Alfalfa was in the initial bloom stage when clipped. Clipping does not perfectly simulate grazing, and Norton and Johnson (1981) showed that under their experimental conditions, grazing of crested wheatgrass was less severe than the treatment we applied.
Weight J!hthmtes
The biomass of grass and alfalfa was determined by clipping to 5 cm in the spring (see above) and at the end of the growing season (12-20 September) when the plants were essentially dormant. The herbage was dried at 600 C until weights were constant. Three, 5, or 10 grass or alfalfa plants were sampled in three-way, two-way, and one-way mixtures, respectively, and only plants missing no more than one neighbor were sampled.
The weights of shrubs were estimated nondestructively using allometric regressions based on the relationship between shrub branch weight and shrub branch diameter. Correlations were high (r*=O.91 to 0.96) and significant (KO.001) (Pendery 1985) . Estimates were for 3, 5, or 10 shrubs in three-way, two-way, and one-way mixtures, respectively. Only shrubs planted in 1983 and missing no more than 1 neighboring plant were sampled. Dead shrubs were not sampled, but this information is in the survival data (see below).
Above-ground biomass of grass, alfalfa, and forage kochia was considered current annual growth (CAG). Both CAG and total standing crop of big sagebrush and fourwing saltbush were estimated (Pendery 1985) , but because none of the interpretations differed, only CAG results are presented here. "Composite plant" weights were also determined, and these were calculated by summing the average weight of each of the components in a mixture, then dividing by the number of components (1, 2, or 3).
Rcl8tive Yields
Since the mixtures were a replacement series, Relative Yield Per Plant (RYP) and Relative Yield Total (RYT) were calculated as described by Fowler (1982) . A RYP of 0.5 indicates that a species weighs 50% less per plant in mixture than it does in monoculture, and RYP has been considered a measure of the effects of interspecific competition. RYT is the average of RYP values for the components of a mixture and measures the degree of niche overlap between species (Fowler 1982) or the "combining ability" (Trenbath 1974) of species grown in mixture. A RYT of 1.5, for example, indicates the relative total biomass of a mixture is 50% greater than the relative biomass in monocultures. By definition, RYP and RYT are 1.0 in monoculture.
Shrub Mortality and Reproductive Effort
Mortality of shrubs was determined by censusing the plots between 28 September and 15 October 1984. Only shrubs planted in 1983 were included in this analysis. The number of branches with inflorescences were counted on shrubs that were sampled for weight estimates. Reproductive allocation is usually determined by weighing the reproductive structures, but we believe the number of inflorescences were well correlated with their weight, and other workers have used this technique as well (Silvertown 1982) . Fourwing saltbush was not included in this analysis because none of the plants flowered.
Data Analysis
Data were analyzed by least squares analysis of variance (ANOVA). After averaging over subsamples, the data met the assumptions of ANOVA. The big sagebrush and forage kochia monocultures in the third replication could not be used because the plants were killed by a herbicide, dimethyl tetrachloroterephthalate, which was not applied to the other plots. As a result, the data were analyzed using RUMMAGE (Bryce 1980) because it is designed specifically for analyzing unbalanced data. Significant (~10.05) differences detected in the F-test were further analyzed by a least significant difference test (LSD&.
Clipping effects on shrubs could only be analyzed for two-and three-way mixtures because the shrub monocultures were not clipped. The alfalfa RYP mixture versus monoculture comparison was made by constructing a 95% confidence interval around the three-way mixture mean. For the percent of shrubs dead, the analysis was of arcsine transformed data, but the results are presented as untransformed data.
Results
Data were collected in 1983 and in 1984 but only the 1984 results are reported here. In 1983 the plots were irrigated, there was confounding of transplanting and competition effects, and alfalfa plants were not clipped. Even so, the results in 1983 were similar to those in 1984 (Pendery 1985) .
standfng crops
Current annual growth of crested wheatgrass in monoculture was significantly (KO.05) lower than that in mixture but grass weights in two-and three-way mixtures did not differ (m.05) ( Table 1 ). More specifically, CAG of grass in monoculture was less (KO.05) than CAG of grass when grown with big sagebrush or forage kochia, and when grown in three-way mixture with sagebrush ( Fig. 1 ). Grass standing crop in two-way mixture with fourwing saltbush was less (KO.05) than that in two-way mixture with big sagebrush or forage kochia (Fig. 1) . Grass CAG in springclipped plots was significantly (pSO.001) lower than in unclipped plots ( Table 1 ). The analysis did not detect significant differences in grass weights among the species of shrubs (Table l) , and no significant interactions were found.
Alfalfa CAG in three-way mixture did not differ (m.05) from that in monoculture, nor did alfalfa weights differ (IW.05) when grown with the 3 species of shrubs (Table 1) . Obviously, these data Table 1 . Rsults of r~lyses in 1984 for oven-dry current annual growth (g/plant), rehtivc yield per plant (RYP), mortality (percent), and flowering (number of bnncbee with infloresences/shrub). Means within a colmnn with different letters are 4nificently different (LSD.,). were highly variable. Clipping in the spring versus not clipping did not significantly (P>O.OS)affect alfalfa CAG. Again, no significant interactions were detected. Shrub CAG was significantly (EO.001) greater in monoculture than in two-or three-way mixtures, and big sagebrush CAG was significantly (P50.001) greater than forage kochia or fourwing saltbush CAG (Table 1 ). There was a significant (EO.001) species of shrub by mixture type interaction for shrub CAG (Fig. 2) . Shrub CAG in spring-clipped plots was significantly (P50.01) greater than in plots in which the grass and alfalfa were not clipped (Table 1). The analysis did not detect significant interactions between clipping treatment and mixture type, clipping treatment and species of shrub, or a three-way interaction between the factors. Composite plant weights differed (EO.05) among the 9 treatments (Fig. 3) . Mixture type and species of shrub were significant (p10.05) sources of variation within this treatment effect (Table 1) . Grass monoculture weight (49 g/plant) did not differ (JWl.05) from the average composite plant weight of two-and three-way mixtures (63 g/plant, LSD.w = 3 1). Clipping in the spring reduced (EO.05) composite plant weights compared to unclipped plots (Table 1) .
Relative Yields
Grass RYP in two-and three-way mixtures was greater (EO.05) than in monoculture, but the mixtures did not differ (130.05) from each other (Table 1) . Grass RYP in springclipped plots exceeded (EO.05) RYP in unclipped plots, which is the opposite of the effect of clipping on grass CAG weights (Table 1 ). The analysis did not detect differences (IW.05) in grass RYP among species of shrubs (Table l) , nor did significant interactions exist.
Alfalfa RYP in three-way mixture exceeded (EO.05) that in monoculture (Table 1) . Alfalfa RYP did not differ (I'X.05) among species of shrubs or clipping treatments (Table 1) . Significant interactions were not found.
Shrub RYP in two-and three-way mixtures was signiticantly (EO.05) less than 1.0, but RYP did not differ between mixtures (ZQO.05). Unlike shrub CAG weights, shrub RYP did not vary (m.05) among species of shrubs (Table I) , nor was there a significant (m.05) interaction between species of shrubs and mixture types. The effect of clipping on shrub RYP was not significant (PX.05) (Table I) , and there were no interactions between clipping treatment and mixture type, clipping treatment and species of shrub, or a three-way interaction among the factors.
RYT did not differ (130.05) among mixture types, species or shrubs, or clipping treatments (Table 1) . No interactions were detected in the RYT data (m.05).
Shrub Mortality and Reproductive Effort
Shrub mortality was lower (EO.001) in monoculture than in two-or three-way mixtures (Table 1) . Mortality of fourwing saltbush was higher (EO.001) than for big sagebrush or forage kochia, and clipping the grass and alfalfa in the spring reduced (p10.005) shrub mortality compared to not clipping ( Table 1) . No significant interactions were detected.
The number of branches with inflorescences per shrub differed (pSO.001) among mixture types and species of shrubs (Table I) , and there was also a significant (p10.001) mixture type by species of shrub interaction (Fig. 4) . Clipping the grass and alfalfa in the spring increased (EO.01) the number of branches per shrub with inflorescences compared to shrubs in unclipped plots (Table 1) . The analysis did not detect any other significant differences.
Discussion
Competition Effects
Response of the Shrubs The most striking conclusion from this study was that competition from an already established stand of large crested wheatgrass plants greatly reduced the absolute and relative biomass ( Fig. 4 ) of interplanted shrub seedlings compared to monocultures of shrubs. The shrubs in monoculture were planted into plots that had been fallow for 1 year while the shrubs in mixtures were planted into plots where, presumably, the established grass had utilized soil water and nutrients, precluding their use by the shrubs.
Several previous studies have shown that the first plants to become established have an advantage over laterqrriving neighbors and that large size also confers a competitive advantage to a plant. Blaisdell(1949) found that grasses seeded 2 years prior to seeding big sagebrush dramatically suppressed sagebrush standing crop for at least 5 years. Peterson et al. (1986) reported that the survival and size of four-wing saltbush seedlings transplanted into already established stands of sideoats grama (Bouteloua curtipendulu) were reduced due to competition from the grass. Sideoats grama is a warm-season rhizomatous species, while crested wheatgrass is a cool-season bunchgrass. Other reports (e.g., Grubb 1977, Snaydon and Howe 1986) show similar responses when plants are seeded or transplanted into an established sward, and also have shown that: (1) seeding places a plant at even more of a competitive disadvantage than does transplanting, and (2) most competition occurred below ground. In addition to occupying the plots first, crested wheatgrass initially had a tremendous (at least 50X) size advantage over the shrubs and alfalfa. Size may also confer a competitive advantage to a plant (Harper 1977) , although there is some evidence to the contrary (Newberry and Newman 1978) .
While the grass was only planted 1 year before the shrubs, its establishment was enhanced by watering throughout 1982. This allowed the plants to grow all summer and fall. Also, decomposing vegetation resulting from preparing the site for planting could have contributed nutrients to the grass, further increasing its degree of establishment.
Response of AIfalfa
Although being in competition with the previously established and larger grass was a disadvantage for the shrubs, the alfalfa overcame the competitive advantage given to the grass in mixtures (Table 1) . After 2 growing seasons, alfalfa in mixture weighed 146 g/plant while the grass weighed 78 g/plant in three-way mixture. Unlike the shrubs, alfalfa plants were relatively smaller in monoculture than in mixture, implying intraspecific competition was more of a factor for alfalfa than for the shrubs. Unfortunately, we did not grow the grass and alfalfa in two-way mixture.
Reasons for Differential Responses of Shrubs and Avarfa
Alfalfa could have overcome the competitive advantages given to crested wheatgrass while the shrubs did not because alfalfa can fix nitrogen. Large nodules were present on the alfalfa, but we did not quantify numbers, size, or activity. Under tropical conditions, established grasses are more sensitive to competition from oversown legumes than from oversown grasses, implying competition for nitrogen is important (Cook 1980, Cook and Dolby 1981) . Because water was relatively abundant during our study, competition for a resource other than water may have been important.
A second reason that alfalfa may have done well in mixture while the shrubs did not is that high intrinsic growth rates are characteristic of species, such as alfalfa, adapted to productive environments, while slow growth rates are typical of species, such as the shrubs, adapted to less productive environments (Grime and Hunt 1975, Coley et al. 1985) . Species with slow intrinsic growth rates grow slowly even in favorable environments (Coley et al. 1985) , and the abundance of moisture during our study created relatively favorable conditions. Further, species with high growth rates but small size, in this case alfalfa, may be able to overcome competition from large plants with relatively slow growth rates, such as the grass (Newberry and Newman 1978) .
A third reason that alfalfa grew bigger than the shrubs could relate to differences in rooting patterns relative to the grass. Alfalfa seedlings are aggressive compared to grasses because of the development of a deep taproot (Chamblee 1972). Caldwelland Richards (1986) reported that in mixture, crested wheatgrass roots dominated big sagebrush roots in the 20-50 cm depth and the big sagebrush dominated at greater depths, although the rooting density for both species was low below 50 cm. Forage kochia has a taproot that extends to at least 3.5 m depth and it has many auxiliary branches, particuarly in the upper 40 cm of soil (Balyan 1972). Wallace et al. (1980) reported that 76% of the root mass of fourwing saltbush was located in the upper 50 cm of a soil with a caliche layer. Neither kochia nor founving saltbush rooting patterns have been studied when growing with crested wheatgrass, and the root development of seedlings of the 3 shrub species compared to grasses have not been reported.
Clipping Effects Responses of the Shrubs
A second major conclusion from our research was that clipping of associated grass and alfalfa plants increased shrub CAG, survival, and flowering ( Table I ), but that clipping had less effect than competition on shrub CAG and flowering (Table 1, Figs. 2 and 4 ). This conclusion is evident when shrub monocultures, which were not clipped and did not have a previously established competitor, are considered. For example, sagebrush in mixtures weighed about 12 g/plant while sagebrush in monoculture weighed 110 g/plant (Fig. 2) , a much greater effect than that produced by clipping (9 vs. 3 g/plant, Table 1 ). However, if only the mixtures are considered, the largest difference between shrub weights (sagebrush in threeway mixture vs. fourwing saltbush in two-way mixture) is 11 g/plant (Fig. 2) , which is more comparable to the difference produced by clipping (6 g/plant). The more nearly equal impact of these factors on shrubs in mixtures is surprising given the competitiveness of crested wheatgrass and alfalfa (Caldwell et al. 1985 , Chamblee 1972 , Dubbs 1971 , their tolerance of clipping (Caldwel1 et al. 1981 , Chamblee 1972 and the advantage of prior establishment given the grass. The effects of clipping and competition on shrub mortality were comparable (Table 1) .
Previous work also shows that preferential grazing of grasses and forbs in the spring favors shrub growth (Laycock 1967, Smith and Doe11 1968) , and other reports also show that competition affects grass and forb weights and reproduction more than either preferential or direct clipping (Mueggler 1972 , Cook 1984 , Fowler and Rausher 1985 . However, Parker and Salzman (1985) , working with snakeweed (Gutierrezia microcephala) seedlings in New Mexico found that direct herbivory had a greater effect than competition on survivorship, that competition and herbivory had about equal impacts on growth, and that both factors also strongly influenced flowering.
Responses of Grass and Arfalfa
The effects of clipping on grass weights were paradoxical. Removal of apical meristems by clipping in the spring created smaller plants on an absolute basis but they had a higher RYP than unclipped grasses (Table 1) . Clipping probably reduced competition among crested wheatgrass plants in mixtures, assuming the shrubs offered no substantialcompetition (Figs. 2 and 3). Unclipped crested wheatgrass plants continued to compete relatively more than clipped plants, probably due to uncurtailed root growth (Richards 1984) . Also, clipping crested wheatgrass in the spring stimulates tillering (Caldwell et al. 198 I) , which might increase the relative ability of a plant to compete despite being smaller (Newberry and Newman 1978) . This is especially likely because water was abundant during our study, so regrowth was relatively uninhibited (see Blaisdell and Pechanec 1949) . Alfalfa showed the same absolute and relative responses to clipping as the grass (Table 1) , but these differences were not significant.
Clipping and Competition Interaction Effects
There were no significant interactions between clipping and competition in two-and three-way mixtures relative to shrub biomass, mortality, or flowering. Also, neither the grass nor alfalfa CAG analyses showed a significant interaction between clipping and the competitive environment. The independence of these 2 effects seems counterintuitive and we are at a loss to explain it. Unlke our findings for shrubs, Fowler and Rausher (1985) found that Texas Dutchman's pipevine (Aristolochia reticulata)shoot and reproductive mass was affected jointly by clipping of little bluestem (Schirachrium scoparium)and the presence or absence of southern dewberry (Rubus trivialis), but their treatments were not exactly analogous to ours. When the effects of direct clipping on Aristolochia were considered, Fowler and Rausher did not find an interaction between clipping and competition, which is similar to our findings for the grass and alfalfa. Parker and Salzman (1985) likewise reported no significant interaction for plant growth, but did report a significant interaction for survival. Since competition was more important than clipping in determining shrub responses in our experiment, and the effects were independent, it is probably more important to reduce interspecific competition than to modify grazing practices when planting shrubs in a crested wheatgrass stand. In particular, planting small patches of shrubs, rather than interplanting, should be studied.
Performance of the Shrubs
Under the conditions of our study, and based on above-ground measurements, mountain big sagebrush performed better than forage kochia and kochia performed better than fourwing saltbush. While previously established crested wheatgrass had no more relative effect on sagebrush than it did on kochia or fourwing saltbush (Table I) , sagebrush was either able to capture more resources than the other 2 species, utilize them more efficiently, or both, particularly in monoculture (Table 1, Fig. 2 ). The success of sagebrush compared to kochia and fourwing saltbush was also indicated by its high survival and flowering, although kochia did as well as sagebrush in terms of survival, and in terms of flowering in two-and three-way mixtures (Table 1, Fig. 4 ). Fourwing saltbush consistently grew more poorly than sagebrush, and was less successful than kochia in terms of survival and flowering.
The replacement series design, coupled with analysis of plant weights on a relative basis, has often been used as a measure of the effects of interspecific competition (e.g., Fowler 1982) . However, this method has been criticized recently because the multidimensional nature of mixtures is reduced to 1 dimension, density is chosen arbitrarily, and several causes for differences in observed versus expected yields are possible, but not uniquely identifiable (Conolly 1986 ). These criticisms have some validity, so some would argue that the greater success of sagebrush compared to kochia, and of kochia compared to fourwing saltbush, should be viewed as experiment-specific and not necessarily universal; however, we have based this conclusion on several responses, not just relative yields. Also, additive designs may simulate interplanting into an established sward better than replacement series designs (Snaydon and Howe 1986), but they are not without difficulties because the effects of density and frequency are confounded (Silvertown 1982) .
Yield Relationships
The contribution of shrubs to composite plant weights in mixtures was minor; crested wheatgrass dominated in two-way mixtures and alfalfa dominated three-way mixtures (Fig. 3) . Crested wheatgrass did not respond as favorably to association with fourwing saltbush as reported by Rumbaugh et al. (1982) (Fig. 1 and 3 ). Any response due to founving saltbush seems unlikely, however, because the plants were so small (Figs. 2 and 3) . The grass also did not respond negatively to association with big sagebrush, as has often been reported (e.g., Hull and Klomp 1974) (Figs. 1 and 3) . This probably reflected the advantages of prior establishment and larger initial size given the grass. Forage kochia-Agropyron and kochia-Agropyron-alfalfa mixtures have been reported to produce more forage than kochia monocultures (Ralyan 1972). Our results indicated no particular advantage of kochia-grass mixtures, but kochia-grass-alfalfa mixtures had greater CAG than kochia monocultures (Fig. 3) . In a Montana study in which the species were seeded concurrently, alfalfa weights in mixture exceeded crested wheatgrass weights (Dubbs 1971) , as did the alfalfa CAG in our study (Fig. 3) . However, the relative contribution of grass and alfalfa in a mixture is quite variable (see Chamblee 1972).
In general, three-way mixtures show some promise of producing more total forage than crested wheatgrass monocultures but the shrubs may make little contribution, at least after the first 2 growing seasons (Fig. 3) . Two-way mixtures show little promise of increasing forage yields over crested wheatgrass monocultures (Fig. 3) , but they could have nutritional benefits (Gade and Provenza 1986) . RYT values did not differ significantly among mixture types although there was an increase between monocultures and three-way mixtures (Table 1) . Trenbath (1974) reported that "overyielding"(i.e., RYT significantly > 1.0) is rare in agronomic and pasture studies unless a legume is included in a mixture, so it is not surprising that RYT in two-way mixture did not differ from 1.0. RYT for three-way mixtures was more surprising since a legume was included in the mixtures, and perhaps significant differences will develop over time.
